












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































JEL Classiﬁcations: L22, L13, D43, L90
Keywords: product differentiation, spatial theory, location theory, retail gasoline
Acknowledgments: We thank Jack Barron, Vrinda Kadiyali, Dan Kovenock, Pat McCarthy, Lars Sørgard, Jerry Thursby, John
Umbeck, KlausWallner, seminarparticipantsatBaylorUniversity, Purdue University,and the1997InternationalAtlanticEconomic
Society Meetings, and especially Jon Haveman, for helpful comments. Valuable research assistance was provided by Scott
Blanchard, Stephanie Chang, Jesse Ramirez, Brittyn Russell, and Filip Vesely. Financial support was provided by the Purdue













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 d’Aspremont, Gabszewicz,and Thisse, 1979, demonstrate the problems with Hotelling’s proposed equilibrium.
2 Earlier work includes several case studies. See, in particular, Swann, 1985, on the microprocessor industry, and Shaw, 1982,
on the fertilizer industry. Both interpret the pattern of product characteristics to indicate a tendency towards clustering,
though products are generally not identical (that is, are not minimally differentiated).
3 Models in which price is exogenous are more likely to predict minimal differentiation. An exogenous price essentially
eliminates the market power effect; ﬁrms can reduce the distance between locations in order to attract customers from rivals














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4 Indeed, several authors have characterized the literature on location choice as being more supportive of differentiation than














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5 Relocation and exit are so costly because the station is legally responsible for the environmentalclean-up of the site.
6 The exception is company-owned and operated stations. We describe the different contractual relationships between the




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































7 Economides, 1984, considers a similar issue by assuming that reservation prices are low; typically reservation prices are
assumed to be high enough that all consumers purchase the product. With low reservation prices, the market power effect
dominates and ﬁrms locate at a distance from each other.
8 Economides, 1986, considers a range of transport cost functions, from linear to quadratic. While not all equilibria are
maximally differentiated, ﬁrms always locate at some distance from each other.
9 The form of the heterogeneity considered involves brand preferences: at identical total prices (mill price plus transportation
costs), some consumers prefer one brand to another.
10 Free entry need not lead to zero proﬁts. Rather, the equilibrium condition is that a potential entrant would earn negative
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































11 The uniform spacing of ﬁrms is driven in part by the assumption that consumers are uniformly distributed on the plane.
Assuming the insights of the one-dimensional literature carry over, we would expect, following Eaton and Lipsey, 1975,
that the distribution of ﬁrms would be clustered in a manner similar to the distribution of consumers if consumers are not
distributed uniformly.
12 Auniformdistribution of ﬁrmlocations arisesbecauseﬁrmsareable torelocatein responsetoentry. However,suchaprocess
is not appropriate to the retail gasoline industry, where relocation is very costly, perhaps prohibitively so.
13 They allow each ﬁrm to enter sequentially, then allow each ﬁrm to relocate in the order in which the ﬁrm entered. For
example, with three ﬁrms, they allow ﬁrm 1 to enter, then ﬁrm 2, ﬁrm 3, then they allow ﬁrm 1 to relocate, then ﬁrm 2, etc.































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































14 Thus, endogenizing price eliminates the minimum differentiation equilibrium of Prescott and Visscher.
15 Then a ﬁrm entering between two existing ﬁrms will capture a market share not quite large enough to allow proﬁtable entry.
16 Noticethat locatingin multiple dimensionsinthis setting isinherently different thana physicallocationin atwo-dimensional
space. In the latter case, consumers care only how far the physical location is from them in Euclidean distance, regardless of
the direction of the distance. In the former case, consumers separately care about deviations from their most preferred point
in each dimension.
17 With
2 ﬁrms, a uniform distribution over the space is the analog of maximal differentiation.
18 Horizontal differentiation refers to differentiation on attributes over which consumers have different preferences (or most
preferred points); for example, sizes and colors.
19 These include: ﬁrms choose a permanent location in the ﬁrst stage and compete in prices in the second stage; transportation
costs are quadratic in each dimension; transportation costs in each dimension can have different weights in the consumer’s
utility function; consumers are distributed uniformly over the
3 -dimensional product space; consumers have unit demands;
the
3 -dimensionalspace is bounded and representedbya hypercube;and that two ﬁrms locatesimultaneouslywith nothreat
of entry.
20 Ifconsumerscare equallyaboutalldimensions,thenmultipleequilibriaarisewithmaximumdifferentiationononedimension





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































by maximal differentiation in more than one dimension are not equilibria.
22 Vertical differentiation refers to differentiation on attributes over which, at identical prices, consumers have similar prefer-
ences; for example, at identical prices all consumers would prefer high quality to low quality.
23 Even if consumers do not use the other services, their availability may provide an option value.
24 If the two ranges are similar, both equilibria arise.


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































26 Stavins, 1995, empirically tests whether incumbents locate models in product space in order to deter entry in the market
for personal computers. She ﬁnds that entrants locate their products more closely to existing products than do incumbents,
which she interprets as evidence of preemption.








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































28 This may be true in varying degrees as well. Trafﬁc patterns may prevent two stations from competing effectively if it is
difﬁcult for a consumer to travel between two stations located at the same intersection.
29 A second measure of differentiation, deﬁned as the average of squared distances between the center station and each of its
rivals, was also examined. This measure incorporates the assumption that closer stations offer more competition than more
distant stations. The qualitative results are unaffected by this variation of the dependent variable.
30 Because we have a complete census of gasoline stations, a station appearing in any year that did not appear in previous years
is identiﬁed as an entry station. Thesestations may not represent de novo entry, in the sense that the station may have simply



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































31 The number of ﬁrms in a market is a traditional, rough, measure of the degree of competition. An alternative measure of
competition, the Herﬁndahl index, is inappropriate because stations that ﬂy the same brand-name ﬂag operate, to a large
degree, independently. Since we do not have information on stations that are operated by the same manager, a Herﬁndahl
index for each market would simply be an inverse monotonic transformation of the number of ﬁrms.
32 There are seven major brands in our sample: Arco, Chevron, Exxon, Mobil, Shell, Texaco, and Unocal. All other stations
are treated as independents.
33 Controlling for demand and cost considerations, Barron et al., 1998, ﬁnd that branded (major) stations charge signiﬁcantly






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































34 By externality, we refer to the fact that a station’s location and price choices affect the proﬁts of its rivals.
35 While it is the station that is making the sales, sales at each station inﬂuence the amount the reﬁner can extract from the

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































37 We consider differentiation based on offering the following services: full service, repair service, a car wash, a convenience
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































38 This may not be true for all services. For example, consumers with a high value for time may not like stations with









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































39 See, e.g., Cliff and Ord, 1973.
40 The standardized spatial weights matrix divides the entries of
» by the sum of the entries in the appropriate row, so that the
sum of entries in each row of the standardized spatial weights matrix is one.







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































42 This was performed using the Census Bureau’s Landview II GIS software. This software also allowed us to calculate each





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































of the station. Thus, an increase in the proportion of the market served by the same brand does not indicate a reduction in
price competition, since most of the stations carrying the same brand will have independent authority to set prices.
45 The results from the variable indicating the fraction of the market that is rental housing are not very informative. Of the
twelve alternative speciﬁcations, the estimate is statistically signiﬁcant in only four cases, and we consider two of the cases
(in the stable-market 2-mile sample) to be unreliable. Of the remaining two signiﬁcant results, one is positive and one is










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































46 One coefﬁcient out of ten in the 1-mile, stable-market sample, when estimated with city ﬁxed effects, is also statistically
signiﬁcantly negative.
47 In the case of the 2-mile stable sample,where an increasein attribute differentiation leads to less spatial differentiation, ﬁrms














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































48 For example, Ansari, Economides, and Ghosh, 1994, show that the equilibrium location patterns in a product space with two





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1The ﬁrst entry is the mean, the second entry (in parentheses) the standard deviation, the third entry [in
brackets] the range.
2In thousandths of a mile.
3Dummy variable.
4In thousands of dollars.
5Dummy if station has (doesn’t have) the service
p the proportion of rivals that do (don’t) have the service.
All range from 0 to 100 percent.
6An index measure indicating the extent to which the station offers (doesn’t offer) services that rivals do not
(do) offer. The index is deﬁned over the range 0 to 5. See the explanation in the text for details.
Y
Indicates that the mean for the entry and stable samples, for that radius, are statistically signiﬁcantly diffe-
rent at the 5% level.
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